
Gulf of Mexico’s Hypoxic Dead Zone 
	  

1	  

Gulf of Mexico’s Hypoxic Dead Zone 
 

Policy Analysis and Recommendations 
 

by Brent Ritzel, MPA [brent@siu.edu] – Equares Energy Company [www.equaresenergy.com] 
 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  

The Environmental Problem 
 The appearance of extensive hypoxia (low dissolved 
oxygen) in the Gulf of Mexico, the manifestation of which 
is also popularly known as the expanding gulf hypoxic 
zone or “dead zone,” has been the result of a seasonal cycle 
that has developed and grown since the 1950’s. Such 
hypoxic areas are known as dead zones, “because fish 
vacate them for more oxygen-rich waters and slower-
moving bottom-dwellers, such as crabs and snails, are 
suffocated (Ferber, 2001). Practically speaking, a dead zone 
“refers to the failure to capture fish, shrimp, and crabs in 
bottom-dragging trawls when the oxygen concentration 
falls below a critical level in water near the seabed” 
(Renaud, 1986). In the case of the Gulf of Mexico, that 
critical oxygen concentration level is below 2 milligrams 
per liter (Dodds, 2006; Rabalais et al. 2002), “which is the 
level at which shrimp and bottom-dwelling fish are not 
caught by trawlers” (Petrolia and Gowda, 2006) 
 As a hypoxic zone is an area of low dissolved oxygen, 
“biodiversity is diminished, and community structure and 
ecosystem functioning are altered” (Rabalais et al., 2001), 
leading “to shifts in community structure and ecosystem 
dynamics” (Dodds, 2006). Hypoxia is just one of several 
symptoms of eutrophication, which is defined by Nixon 
(1995) “as an increase in the rate of production and 
accumulation of carbon in aquatic systems” (Rabalais et al. 
2002). 
 The generally identified primary culprit of this 
significant and pressing environmental and economic issue 
is the greater flow of human activity-related nutrients into 
the Gulf of Mexico via the Mississippi and Atchafalaya 
River Basins (MARB) (Rabalais et al. 2002). The 
seasonally recurring hypoxia coincides with a tripling of 
nutrient loading (particularly nitrates) from the MARB 
between the 1950s and 1990s (SAB, 2008). Likewise, the 
gulf dead zone itself has been growing, with hypoxic 
bottom waters extending across an average of 8,300 km2 in 
1985–1992, to over 16,000 km2 in 1993–2001 (Rabalais et 
al., 2002), and reaching a record 22,000 km2 in 2002 
(Scavia et al., 2004). More recent measurements, during 
July 2008, have placed the extent of hypoxic bottom waters 
at 20,720 km2 (Boesch et al., 2009). 
 The gulf dead zone is propelled forward in a seasonal 
cycle by a combination of summer warming, regional 
circulation, wind mixing and high freshwater discharge 
(Rabalais et al, 2002). The MARB provides 90% of the 
fresh water to the Gulf of Mexico (Petrolia and Gowda, 
2006), and with it comes 90% “of the total freshwater-
derived nutrient load” (Rabalais et al. 2002). These 

discharged nutrients primarily consist of  “an estimated 1.6 
million metric tons of nitrogen each year,” with 61% of that 
in the form of nitrates (Goolsby et al., 1999).  
 These nitrates “stimulate phytoplankton production,” 
which spawns massive suspended algae blooms that “sink 
to bottom waters where they are decomposed by bacteria” 
(Petrolia and Gowda, 2006). This decomposition that 
occurs “once the phytoplankton cells sink to depths where 
light does not penetrate” (Dodds, 2006) has the practical 
effect of sucking up the water’s oxygen (Snider, 2014), in 
that the blooms “are decomposed by the microbial 
community that concomitantly consumes dissolved 
oxygen” (Dodds, 2006). When the rate of oxygen diffusion 
from the surface is outpaced by this oxygen-consuming 
decomposition, the result is a decrease in oxygen 
concentration that can lead to hypoxic conditions (Petrolia 
and Gowda, 2006). 
 Fundamentally, the stimulation of phytoplankton 
bloom growth by nutrient loading from the MARB 
“increases the flux of organic material from surface 
waters,” and subsequently fuels both microbial 
decomposition and consumption of dissolved oxygen in the 
bottom waters (Dodds, 2006).  
 

The Problem’s Cause 
 Scientifically determining precisely what is causing 
this hypoxic situation is absolutely essential as such 
information will inform us regarding what categories of 
measures must be pursued in order to mitigate the issue. In 
this situation of hypoxia in the Gulf of Mexico, there 
generally is a scientific consensus regarding its cause, as 
succinctly surmised by Dodds (2006): “Increased nitrogen 
loading has been established as a culprit in hypoxia 
problems in the Gulf.” To be more precise, according to 
Rabalais et al. (2002), in addition to the “high nutrient 
loads that enhance primary production,” it is also “the 
physical structure of the water column” that leads to the 
annual hypoxic water mass formation. Evidence of the 
correspondence between gulf hypoxia and changes in 
nitrogen loading from MARB is provided by “analysis of 
diatoms, foraminiferans, and carbon accumulation in the 
sedimentary record” (Rabalais et al, 2001). 
 Drawing from Lohrenz et al. (2008) and Turner et al. 
(2007), Boesch et al. (2009) claim that in so far as “The 
seasonal flux of nitrate is the strongest statistical 
determinant of phytoplankton biomass and production,” 
overwhelming evidence exists that “riverine nutrients drive 
both the production of phytoplankton and the size of the 
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hypoxic zone on the inner shelf.” The historic increase in 
MARB-originated nitrate levels, which has accompanied 
the development and growth of the gulf dead zone, has 
primarily been attributed to “increased nitrogen fertilizer 
inputs on cropland in the Basin” and “expansion of 
artificial agricultural drainage” (Petrolia and Gowda, 2006). 
This is because 90% of Mississippi River nitrate inputs 
derive from nonpoint sources, and 74% of these sources of 
the nonpoint variety are agricultural in origin. In fact, over 
the last 100 years the total amount of drained land in the 
MARB has increased from 5 to 70 million acres (Mitsch et 
al., 2001), and the levels of nitrogen fertilizer applied in 
MARB “have increased from less than 1 million to more 
than 6 million metric tons annually over the past fifty 
years” (Goolsby et al., 1999).  
 While increased nitrate levels have additionally been 
attributed to 1) deforestation, 2) wetland conversion to 
cropland, 3) riparian-zone loss, 4) navigational 
channelization, 5) flood control measures and 6) municipal 
wastewater (Petrolia and Gowda, 2006), gulf hypoxia has 
also been attributed to other factors, including “1) the 
influence of the benthic zone on nutrient cycling, 2) 
stratification and mixing of Gulf waters, 3) shifts in algal 
communities” (Dodds, 2006), “4) oxidation of organic 
matter not derived from phytoplankton production, 5) 
physical processes affecting water column stability, and 6) 
coastal wetland loss and river controls” (Boesch, 2009). 
 Given that the Gulf of Mexico is the home of almost 
one-fifth of the U.S. commercial fish landings, valued in 
excess of $600 million, and accounts for more than 10% of 
U.S. recreational fish landings, “The Gulf’s dead zone is an 
economic as well as environmental problem” (Pritchard, 
2004). While there are many avenues to explore in regards 
to potential scientific study of the various and sundry 
factors that may or may not play a role in either increasing 
MARB nitrate levels or Gulf hypoxia, the need to create 
policy to protect both environmental and economic 
interests helped lead to a sound yet evolving pragmatic 
scientific consensus regarding their fundamental causes. 
And as science has informed policy, policy has informed 
science. 
 

Current Policies 
 Creating and implementing a comprehensive nutrient 
management policy plan is an incredibly daunting task for 
an area that includes thirty-one states, is home to 
innumerable native, institutional, political, legislative, 
societal and community structures, and includes a 
watershed that covers 41% of the contiguous United States 
(Rabalais, Turner and Scavia, 2002). But this is exactly the 
task that a number of U.S. agencies and organizations set to 
in the decades following first documentation of the hypoxic 
Gulf of Mexico dead zone from 1972 to 1974.  
 In 1996 the EPA convened the Mississippi River / 
Gulf of Mexico Watershed Nutrient Task Force. The 
following year the Congressional Committee on 

Environment and Natural Resources initiated a major 
hypoxia assessment, synthesizing decades of monitoring 
and research regarding the Gulf of Mexico and the MARB, 
and providing “a solid scientific basis for reducing Gulf 
hypoxia and improving basin water quality” (Rabalais, 
Turner and Scavia, 2002).  
 The Harmful Algal Bloom and Hypoxia Research and 
Control Act of 1998 called for the development of a 
Federal-State-Tribal “Integrated Assessment and Action 
Plan” to reduce, mitigate, and control Gulf hypoxia 
(Rabalais et al. 2002; Task Force 2001). The Committee on 
Environment and Natural Resources completed the hypoxia 
assessment in 1999, and published the Integrated 
Assessment of Hypoxia in the Northern Gulf of Mexico in 
2000. After reviewing the Integrated Assessment the 
Mississippi River / Gulf of Mexico Watershed Nutrient 
Task Force reached a consensus and completed the Action 
Plan for Reducing, Mitigating, and Controlling Hypoxia in 
the Northern Gulf of Mexico, which was delivered to U.S. 
Congress in 2001. 
 The Integrated Assessment was truly integrative in a 
number of ways, including utilizing scientists from a 
diversity of contexts (federal agencies, environmental 
nongovernmental organizations, state agencies, academic 
institutions, industry), synthesizing several decades worth 
of scientific research and monitoring, and utilizing public 
participation and input, being especially responsive to 
policy-relevant inquiries and concerns (Rabalais, Turner 
and Scavia, 2002). The Integrated Assessment was policy 
relevant in its initiation, and further produced two 
conclusions that have guided Gulf hypoxia policy ever 
since: 1) while the flow of the Mississippi/Atchafalaya has 
increased about 30% over the last half of the 20th century, 
the nitrate flux from the MARB is nearly ten times that at 
300%; and 2) that in situ phytoplankton production 
stimulated by riverine nitrogen is far and away making the 
greatest demand on dissolved oxygen, and thus is the 
primary driver the seasonal Gulf hypoxic zone (Rabalais, 
Turner and Scavia, 2002). 
 The resulting Action Plan for Reducing, Mitigating, 
and Controlling Hypoxia in the Northern Gulf of Mexico 
took the Integrated Assessment the necessary policy steps 
forward in identifying specific quantitative goals for both 
the reduction in the total hypoxic zone expanse and the 
estimated reduction in nitrogen load necessary to achieve 
that dead zone reduction goal. The Action Plan set a 
“quantitative environmental goal of reducing the 5-year 
running average of the areal extent of Gulf hypoxia to less 
than 5000 km2 by 2015,” along with a 30% nitrogen load 
reduction that was estimated to be sufficient to reach that 
goal (Rabalais, Turner and Scavia, 2002; Rabalais et al., 
2007). A scientific consensus was necessary to reach this 
step of nutrient policy development, a shared agreement 
that “the increase in nitrogen loading was the primary 
factor in the worsening of hypoxia in the northern Gulf of 
Mexico” (Rabalais, et al, 2002). However, despite the 
tremendously positive policy steps forward, Rabalais et al. 
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(2002) reminds us that reaching such “a general action plan 
that calls for reducing hypoxia in the northern Gulf of 
Mexico by two-thirds was not reached without debate or 
controversy.” 
 The Action Plan also stressed that “implementation 
should be based primarily on voluntary, incentive-based 
sub basin strategies” (Rabalais, Turner and Scavia, 2002). 
According to Mitsch et al. (2001), these strategies include 
best management practices regarding 1) agricultural lands, 
2) wetland creation and restoration, 3) riparian buffer strips 
and river hydrology remediation, and 4) storm water and 
wastewater nutrient removal. In 2008, as part of a 
periodical reassessment of the Action Plan for Reducing, 
Mitigating, and Controlling Hypoxia in the Northern Gulf 
of Mexico, the U.S. Environmental Protection Agency’s 
Science Advisory Board (SAB) conducted an evaluation of 
the state of Gulf hypoxia-related science and concluded, 
“Recent science has affirmed the basic conclusion that 
contemporary changes in the hypoxic area in the northern 
Gulf of Mexico are primarily related to nutrient fluxes from 
the MARB” (SAB, 2008). This recommitment to the 2001 
Action Plan by the federal-state-interagency task force 
placed a continued policy emphasis on “nitrogen load 
reductions [with] the explicit addition of phosphorus 
reductions” (Boesch, 2009). 
 Other studies completed in the last decade, such as 
Missing the Boat: Midwest Farm Drainage and Gulf of 
Mexico Hypoxia by Petrolia and Gowda (2006), introduce 
potentially game-changing scientific insight that could have 
tremendous policy implications. What they point out in 
their study is that nearly all the research addressing Gulf 
hypoxia “has failed to account for agricultural [tile] 
drainage, the major pathway of nitrate loads in Upper 
Midwest states” (Petrolia and Gowda, 2006). Tile drainage 
are a series of pipes buried several feet below farm field 
surface that facilitate the removal of both excess surface 
and subsurface water from fields. Benefits from use of tile 
drainage include enhanced nutrient uptake by plants, 
allowing for timely field operations, promoting early plant 
growth and improving crop yields (Skaggs, Brev´e, and 
Gilliam, 1994).  
 Tile drainage usage is very extensive, with the 
following MARB states featuring the following total of 
artificially drained acres: Illinois (9.8 million), Indiana (8.1 
million), Iowa (7.8 million), Ohio (7.4 million), and 
Minnesota (6.4 million). In each of these states, “tile 
drainage is the major pathway for nitrate transport” 
(Petrolia and Gowda, 2006). This is because nitrate 
primarily transports at the subsurface level, and thus tile 
drainage serves to “significantly hasten its movement to the 
edge of the field, and, thus, into an adjacent stream” 
(Petrolia and Gowda, 2006). Jackson et al. (1973) 
discovered that over a three-year study period, 99.1% of all 
nitrate losses were accounted for by subsurface tile 
drainage. 
 In fact for Petrolia and Gowda (2006), “significant 

levels of nitrates can be lost on tiled land regardless of the 
nutrient-management techniques adopted. This result can 
have grave implications for policies that promote certain 
production methods, such as Best Management Practices.” 
What is perhaps most monumental from their study, and 
most impactful on future policy strategies regarding 
nutrient abatement, is their finding that “almost 90% of 
initial abatement was achieved on tile-drained land, 
indicating that on the whole, selecting this land type for 
abatement is more cost-effective” (Petrolia and Gowda, 
2006). 

 
Alternative Solutions 

 A major category of proposed solutions for the Gulf of 
Mexico dead zone are nitrogen-abatement practices, which 
include such policy strategies as nutrient management, land 
retirement, plug and crop, and plug and retire. Nutrient 
management involves the adoption of specific fertilizer 
application guidelines according to best management 
practices (Randall and Schmitt, 1993), land retirement 
involves putting pasture in place of row crops, plug and 
crop involves plugging the artificial tile drainage but 
retaining crops, and plug and retire involves both plugging 
tile-drained land and putting it to pasture (Petrolia & 
Gowda, 2006). 
 Nutrient management has the potential trade off of 
negatively impacting the fertilizer industry (and likewise 
potential farming productivity) by requiring reduced usage 
of nitrogen-based fertilizer. Additionally, Petrolia and 
Gowda (2006) concluded from their study that the impact 
of nutrient management was contingent upon the type of 
cropland under consideration, pointing out that not only 
were there “no abatement gains from adopting nutrient 
management on non-drained land,” but that policies such 
nutrient management “are only cost-effective on tile-
drained land, but completely cost-ineffective on non-
drained land” (Petrolia & Gowda, 2006). 
 This conclusion has major implications for the primary 
strategy enlisted to address the nitrogen loading that has 
caused the proliferation and growth of the Gulf of Mexico 
dead zone. Tile drained lands have substantially lower 
abatement costs than non-drained lands. Petrolia and 
Gowda (2006) found that “nutrient management, a policy 
strongly recommended by prior research, is relatively cost-
ineffective as a means of abatement on non-drained land.” 
They additionally found policies that removed drainage not 
to be cost-effective. What impact this scientific insight 
delivered was achieving “the same reduction (in nitrogen 
loading) with half the reduction in applied nitrogen” by 
revealing, “that because abatement capabilities may be 
greater on some land than previously estimated, reductions 
beyond the 20% level may not have as severe 
consequences on the farm economy as prior work 
predicted” (Petrolia & Gowda, 2006) 
 An extremely recent development in the realm of 
alternative instruments to decrease nutrient loading is the 
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strategy of creating a market for pollution abatement 
through credit trading system. This pilot program, “starting 
with about 30 farms across Indiana, Ohio, and Kentucky,” 
basically will pay farmers to curb their agricultural runoff 
that travels the MARB and eventually pollutes the Gulf of 
Mexico (Peters, 2014). The Electric Power Research 
Institute and several other government and nonprofit 
groups developed this program.  
 In order to achieve these results the farmers will need 
to make a number of changes, including how they plant 
crops and how they handle manure, in order to reduce 
nutrient run-off by holding soil and place and improving 
soil quality for greater future productivity. The farmers 
benefit by receiving credits for not nutrient loading their 
waterways and ultimately the Gulf of Mexico: “The credits 
can be sold to power plants, sewage plants and other 
facilities that release nutrients into local waterways (Peters, 
2014). Beyond developing a new tradable market for 
pollution abatement, this project offers a paradigm shift for 
many farmers in educating them how to boost their 
operations and productivity through focused mitigation of 
environmental harms. For some, it is an opportunity to 
stave off regulation if done right, as project participant Mr. 
Hollinger relates: "I feel like if we do a good job now, we 
can certainly head off the need for regulation” (Peters, 
2014). 
 However, it would not be desirable to completely head 
off regulation, as these types of voluntary compliance 
environmental policies have proven to be ineffectual 
without a cap, in this case a nutrient level cap. As Peters 
(2014) elucidates: “The lack of a strict cap is one of several 
issues that has stunted similar environmental markets tried 
elsewhere in the country, according to a 2011 study by U.S. 
Department of Agriculture economists.” These dynamics 
regarding the multi-level jurisdictional realities of these 
complex environmental issues really come to the fore with 
the Environmental Protection Agency. While this EPA 
does not have the capacity or power to regulate most farms, 
they also largely leave up to the states controlling nutrient 
levels in lakes, rivers and streams. Environmental groups 
point to inaction by the EPA to set nutrient level caps for 
the MARB as the reason for inaction on the part of the 
states, and accordingly “have sued the EPA to force it to set 
acceptable levels for nitrogen and phosphorous in the 
Mississippi basin” (Peters, 2014). 
 Generally speaking a voluntary participant, market-
based solution is not sufficient, as the market will not 
provide a socially optimum outcome, which needs to be 
aspired to in this case of the gulf dead zone. This is 
because, accordingly to Krutilla (1967), “A private 
resource owner would consider the discounted net income 
stream from the alternative uses and select the use which 
would hold prospects for the highest present net value.” 
Many environmental group have been in support of the 
development of nutrient abatement markets, but only in the 
context of federal regulation and the EPA setting an overall 
nutrient level cap, as “a limit creates demand since sewage 

treatment plants and other facilities will need to buy credits 
to meet it, drawing in more farmers” (Peters, 2014). 

 
Recommendations 

 When weighing the decisions regarding which policy 
instruments to utilize in solving such a comprehensive and 
far-reaching issue, there are a number of criteria that must 
be taken into consideration. In this way, “Selecting the 
‘best’ instrument involves art as well as science” (Goulder 
and Parry, 2008). What greatly complicates this art is that 
fact that hundreds of thousands of nonpoint polluters are 
involved, spread throughout thirty states, feeding 41% of 
our nation’s continental watersheds, which include more 
than 7,000 rivers that ultimately share their bounty with the 
Mississippi–Atchafalaya River Basin [MARB] that 
accounts “for 90% of the total freshwater input to the Gulf 
of Mexico” (Petrolia and Gowda, 2006) 
 Choosing specific instruments necessarily requires 
trade-offs between essential evaluation factors of cost-
effectiveness, distributional equity, minimizing risk and 
political will. As Goulder and Parry (2008) illustrate, cost-
effectiveness can often be the odd man out in this equation, 
as “assuring a reasonable degree of fairness in the 
distribution of impacts, or ensuring political feasibility, 
often will require a sacrifice of cost-effectiveness.” Another 
reason for the lack of cost-effectiveness primacy is because 
a voluntary market-based solution (i.e. credit trade system) 
is not sufficient. This is because ultimately the market will 
not provide a socially optimum outcome because, “A 
private resource owner would consider the discounted net 
income stream from the alternative uses and select the use 
which would hold prospects for the highest present net 
value” (Krutilla, 1967). 
 However, it is true that linking them together could 
enhance the cost-effectiveness of several regional credit 
trade systems. This is a viable solution, especially as an 
EPA enforced cap-and-trade system, in the face of political 
constraints forcing policies to be made by governmental 
jurisdictions that are narrower than what efficiency would 
dictate. With dynamic considerations in mind the EPA 
would oversee a tightening of the cap across time with the 
expectation that the cost of nutrient abatement will decrease 
over time as the marginal value of nutrient abatement 
increases over time. The indirect effects of this nitrogen 
abatement include better public health, value of restored 
wetlands, greater flood control and heartier and healthier 
seafood. 
 My recommendation for policy solutions to this 
complex issue involves a hybrid instrument that features 
aspects of market-based tradable emissions allowances 
(“cap-and-trade” strategy), performance standards and 
technology mandates. Goulder and Parry (2008) remind 
readers, “For many pollution problems, more than one 
market failure may be involved, which may justify (on 
efficiency grounds, at least) employing more than one 
instrument.” With hundreds of thousands nonpoint 
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polluters, the entire Gulf hypoxia issue is facing much more 
than one market failure. 
 While I would recommend continuance of best 
practices related to the nutrient management system, I 
would also evolve its understanding to include the findings 
of Petrolia and Gowda (2006) regarding tile drainage, and 
the tremendous game changer it is when it comes to the 
costs of abatement per pound: “On tile-drained land the 
average cost was $2 per pound of nitrogen abated; on no 
drained land it was $90 per pound.” If nutrient management 
policies are not taking this into consideration, there will 
continue to be unnecessary abatement and economic losses 
due to such policies being “only cost-effective on tile-
drained land, but completely cost-ineffective on non-
drained land” (Petrolia and Gowda, 2006). Thus I would 
recommend “the implementation of the nutrient load 
reductions specified by the updated Action Plan, in 
coordination with the restoration of Louisiana’s coastal 
wetlands” (Boesch, 2009), but with the addendum of 
differentiating between tile drained and non-drained 
cropland and their recommended new roles in pursuing 
nutrient abatement. 
 Additionally, I would recommend support of 
expanding the pilot program for the credit trade system, but 
only in the context of it being a strict cap on nitrogen 
loading enforced federally by the EPA. The EPA providing 
more oversight is essential in this issue whose origins and 
causes lies among thirty-one states, but whose harm 
disproportionately harms one state, Louisiana. While is it 
essential to continue to pursue voluntary participation 
strategies and market-based solutions, such environmental 
policies can only prove effective if they do have the 
legitimacy of federal oversight and enforcement behind 
them.  
 W. K. Dodds (2006) remarks that as there are 
considerable economic impacts involved with Gulf 
hypoxia, policy debates over such issues will only increase. 
Such uncertainty, as we have seen, has been minimized 
with the continuing progress of scientific research and 
discovery. As we fine-tune the science, we fine-tune the 
policy. What is most vital is creating a policy framework 
that can readily evolve with ever shifting scientific and 
experiential understandings regarding this most complex 
system. The science surrounding Gulf hypoxia definitely is 
“an evolving state of knowledge that at times warrants 
action but often cannot provide absolute certainty” 
(Rabalais, Turner and Scavia, 2002). However, policy must 
be implemented, and like experimental science, must 
evolve accordingly.  
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